The Alto Tocantins watershed, located in the Brazilian Savanna (Cerrado biome), is under an intense land use and occupation process, causing increased pressure on natural resources. Pasture areas in the region are highly relevant to the rational use of natural resources in order to achieve economic and environmental sustainability. In this context, remote sensing techniques have been essential for obtaining information relevant to the assessment of vegetation conditions on a large scale. This study aimed to apply this tool in conjunction with field measurements to evaluate evapotranspiration (ET) against pasture degradation indicators. The SAFER algorithm was applied to estimate ET using MODIS images and weather station data from year 2012. Results showed that ET was lower in degraded pastures. It is noteworthy that during low rainfall period, ET values were 22.2% lower in relation to non-degraded pastures. This difference in ET indicates changes in the partition of the energy balance and may impact the microclimate. These results may contribute to public policies that aim to reduce the loss of the productive potential of pastures.
INTRODUCTION
The Alto Tocantins watershed undergoes increasing changes in land use and occupation with the expansion of the agricultural frontier. In Brazil, livestock is one of the agricultural activities responsible for thousands of direct and indirect jobs and has a significant share of the gross domestic product (GDP). However, it is essential to combine development and economic growth with environmental sustainability, especially because a significant portion of cultivated pastures show indications of degradation.
In this context, the application of remote sensing techniques can in the diagnosis and development of indicators related to economic and environmental sustainability of pasture areas, especially when dealing with large areas. Some studies have successfully applied orbital remote sensing data to identify and monitor plant conditions using vegetation index such as the Normalized Difference Vegetation Index (NDVI), often used due to its sensitivity to biophysical characteristics of vegetation and its applications in monitoring of land cover and land use [1, 2] .
NDVI can be used to obtain environmental indicators of pasture conditions, in land use diagnosis and in planning for the sustainable use of natural resources. Furthermore, estimates of evapotranspiration using remote sensing techniques can also be a good indicator of vegetation conditions on a large scale, in this case, through the use of algorithms and models [3, 4] . The SAFER (Simple Algorithm For Retrieving Evapotranspiration) is a simplified algorithm which has shown good results in the estimation of evapotranspiration on a large scale [4] . An advantage of this algorithm is that it does no require the use of a thermal band and can be implemented with meteorological data from different types of stations (agrometeorological, conventional and automatic). This important feature allows for the evaluation of historical trends of the energy balance components and water productivity on a large scale and over the years, given that the use of automatic meteorological stations are relatively recent advances in instrumental technology [5] .
In this context, this study aimed to use data from the MODIS sensor to obtain classes indicative of degraded pastures in the Alto Tocantins watershed as well as to apply the SAFER algorithm in conjunction with field measurements in order to analyse the evapotranspiration (ET) as an indicative for degradation of the productive potential of pasture.
MATERIAL AND METHODS
The study area includes a portion of the Alto Tocantins watershed, Goiás State (Figure 1 ), located in the Brazilian Savanna (Cerrado biome). In this region, air temperature and rainfall ranges from 21 to 25ºC and 1100 to 1700 mm. The linear regression analysis was used to estimate the tendency of change of each grid point. Stow et al. [6] adopted this method to simulate the rate of vegetation greenness change. For each pixel, the maximum annual NDVI linear tendency during the period of the study was estimated through the application of ordinary regression of minimum squares. The slope (Eq. 1) is the slope coefficient of the regression line adjusted for each pixel. Positive slopes indicate that vegetation is in process of regeneration, while negative slopes indicate the presence of some degradation process in pasture [1] .
( ) The slope coefficients were used to evaluate the NDVI changes throughout time. Indications of degradation are observed when the slope is less than -0.001 (Liu et al., 2010) . Thus, two were established for cultivated pastures. Pastures were classified as degraded when the slope was less than -0.001 and non-degraded for slopes greater than or equal to -0.001.
Simple Algorithm For Evapotranspiration Retrieving (SAFER) was applied and estimated albedo and evapotranspiration (ET) for each pasture degradation class. For this, we used NDVI-MODIS products for year 2012 together with data from weather stations available at the National Institute of Meteorology (INMET) in Brazil.
In SAFER, surface albedo (α o ) was estimated from MODIS bands 1 and 2 with a spatial resolution of 250m:
Where, α 1 and α 2 are bands 1 and 2 spectral reflectance and a, b and c are regression coefficients with values of 0.08, 0.41 and 0.14, respectively ). For the surface temperature (T o ), the radiation balance equation was used [7] :
Where R G and T a are respectively the daily values of the incident solar radiation and mean air temperature at the weather stations, Rn is the daily net radiation, ɛ A and ɛ S are respectively the atmospheric and surface emissivities, and σ is the Stefan-Boltzmann constant (5.67 x 10-8 W m -2 K -4 ). ɛ A and ɛ S were calculated as follows [8] [9] :
Where τ S is the short-wave transmissivity calculated as the ratio of R G to the incident solar radiation at the top of the atmosphere, and a S , b S , a A and b A are regression coefficients taken as 0.06, 1.00, 0.94 and 0.10 according to [9] . Daily Rn can be described by the 24-hour values of net shortwave radiation, with a correction term for net longwave radiation for the same time-scale [9] :
Where a l is the regression coefficient of the relationship between net long wave radiation and τ sw on a daily scale. Because of the thermal influence on longwave radiation via the Stephan Boltzmann equation, a previous study investigated whether the variations of the a l coefficient from Eq. 6 could be explained by variations in 24 hours T a [9] : e dT a a l − = (7) Where d and e are regression coefficients found to be 6.99 and 39.93 respectively for the Brazilian Northeast conditions. The SAFER algorithm is used to model the instantaneous values of the ratio ET/ET o , which is then multiplied by the daily values of ET o from the weather stations to estimate the daily ET large-scale values:
Where ET o is the reference evapotranspiration obtained from weather stations calculated by the Penman-Monteith [10] and β e η are the original regressions coefficients, 1.9 and -0.008 [9] , respectively. A correction factor (f c = ET o year / 5) was applied, where ET o year is the reference evapotranspiration for the study area in 2012, and 5 mm is the corresponding reference evapotranspiration for the period of modelling in the semi-arid region where the model was originally developed.
RESULTS AND DISCUSSION
Indications of degradation along the pasture areas (red) in the Alto Tocantins watershed were observed. These indications correspond to approximately 24% (383 290 ha) of planted pastures areas (Figure 2 ). These results are in agreement with a study by Andrade et al. [11] , for pasture areas in the Goiás State, using Spot-Vegetation (VGT-S10) NDVI products from the 2006 to 2011. ET of the pastures areas in the Alto Tocantins watershed in Brazilian Savanna is shown in Figure 3 . Maximum ET values of 5.0 mm d -1 can be observed from January to March 2012, however, during this period, due to the high spatial variability of ET, mean value was 2 mm d -1 . It is noteworthy that from May to October, ET was less than 1.50 mm d -1 in practically all pasture area. In this case, ET is influenced by drought, the reduction in pasture biomass and productivity, because both plant transpiration and soil evaporation are restricted due to the suboptimal water supply in the soil. ET will be reduced when more than 50% soil available water has been used [12] . Thus, we note that ET in pastures areas is strongly dependent on soil moisture, ie, low water availability in the soil influences the amount of energy that is partitioned and possibly decreases the amount of energy to the latent heat flux and increases the partition of energy for sensible heat flux [13, 14] . 
